Alcaligenes latus, isolated from industrial effluent, was able to grow in mineral salts medium with 50 ppm (0.15 mM) of H-acid as a sole source of carbon. Immobilization of Alcaligenes latus in Ca-alginate and polyurethane foam resulted in cells embedded in the matrices. When free cells and immobilized cells were used for biodegradation studies at concentration ranging from 100 ppm (0.3 mM) to 500 ppm (1.15 mM) degradation rate was enhanced with immobilized cells. Cells immobilized in polyurethane foam showed 100% degradation up to 350 ppm (1.05 mM) and 57% degradation at 500 ppm (1.5 mM). Degradation rate of Ca-alginate immobilized cells was less as compared to that of polyurethane foam immobilized cells.
INTRODUCTION
Synthetic dyes have been extensively used in textile, power loom and dying industries. Azo dyes constitute more than 50% of the dyes produced globally (22) . Almost 10 -15% of the dyes produced are discharged in the effluents (49) .
The amino and hydroxy naphthalene sulphonic acids are building blocks of azo dyes and the sulphonic acid group confers a xenobiotic character to this class of chemicals (41) .
The amino groups as additional substituents add polarity to these xenobiotics, which may further resist biodegradation.
Even these xenobiotic compounds are partially degraded by certain bacteria and algae; they utilize naphthalene sulphonic acids as a source of sulfur.
Certain bacteria and algae have been reported to utilize naphthalene sulphonic acids as a source of sulfur (21, 43, 48, 50) . Kneifel et al. (21) showed that under sulfate limitation, 
MATERIALS AND METHODS

Chemicals
H-acid and other chemicals used in the present investigation were obtained from Hi-media (Bombay) ( Figure   1 ).
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Biodegradation studies
Batch degradation studies:
With free cells system
To carry out biodegradation studies with free cells 10 ml (8 × 10 10 CFU/ml) of Alcaligenes latus culture was added to each flask with 100 ml of mineral salts medium, 10 mg of yeast extract and different concentrations of H-acid (100 ppm (0.3 mM) to 500 ppm (1.5 mM)). The flasks were incubated at 37°C and at 180 rpm for 24 h.
With immobilized systems
For biodegradation experiment with Ca-alginate, 5 g (wet weight) of beads, containing the immobilized Alcaligenes latus cells, were placed in 250 ml flasks containing 100 ml mineral salts medium and H-acid was added at concentrations ranging from 100 ppm (0.3 mM) to 500 ppm 1.5 mM). The flasks were placed in a rotary shaker at 180 rpm at 37°C for 24 h.
Similarly 2 g of polyurethane foam with immobilized
Alcaligenes latus cells were added to 100 ml of mineral salts medium containing H-acid at varying concentrations from 100 ppm (0.3 mM) to 500 ppm (1.5 mM). Flasks were placed in a rotary shaker at 180 rpm at 37°C for 24 h.
To determine whether the H-acid was absorbed by the immobilization matrices or not control flasks were kept for incubation with cell free Ca-alginate beads and polyurethane foams separately with different concentrations of H-acid in 100 ml of mineral medium.
Repeated Batch degradation studies
To observe the long-term stability of H-acid degradation by immobilized cells in different matrices, the system was used for repeated batch degradation. After each cycle of incubation period (24 h), the spent medium was decanted and beads/ foam were washed with sterile water and transferred into a fresh sterile mineral salts medium (100 ml) containing 200 ppm (0.6 mM) of H-acid. The degradation process was carried out as described above and the spent medium was used for the analysis of H-acid degraded.
Continuous degradation studies
The 
Cell viability enumeration
To enumerate viable cells in the Ca-alginate beads, beads were washed in saline and one bead was soaked in 1 ml of saline. Soaked bead was shaken with glass beads for 15 min.
Sample was plated onto nutrient agar and viable cells were expressed as CFU/ml after overnight incubation (15 h) at 37°C.
For enumeration of viable cells in the PUF (polyurethane foam), PUF were rinsed with saline. One PUF was then torn into fine pieces using sterile forceps, suspended in saline and vortexed to dislodge the immobilized cells. Sample was then plated onto nutrient agar and viable cells were counted after overnight incubation (15 h) at 37°C.
Confirmation of H-acid degradation
In order to confirm degradation of H-acid by A. latus, the products were extracted from the large amount of spent medium (after centrifugation at 8000 × g for 10 min) using two volumes of diethyl ether. Thus extracted products were separated and characterized using TLC, 
RESULTS
The results of H-acid degradation in batch system by free cells are presented in Figures 2 and 3 . It can be observed that 100% degradation upto 100 ppm (0.3 mM) of H-acid within 18 h. Further increase in H-acid concentration resulted in decrease in the efficiency of H-acid degradation to 65% at 150 ppm (0.45 mM), 50% at 200 ppm (0.6 mM), and 35% at 300 ppm (0.9 mM) and less than 25% at 350 ppm (1.05 mM) and above.
At 500 ppm (1.5 mM), the percent degradation was observed to be 15% only even after 48 h of incubation. 
Degradation of H-acid by A. latus
Cell viability was greater in PUF than Ca-alginate beads.
After 2 h of immobilization cell viability was found to be 5 × 10 6 CFU/ml in PUF whereas it was 4 × 10 4 CFU/ml in Caalginate bead.
The products of H-acid degradation by A. latus were separated and identified by TLC and spectral analyses.
The products of H-acid degradation by A. latus were extracted with diethyl ether and subjected to TLC by various solvent systems. With Cyclohexane:Ethyl acetate:Acetone The H-acid, before subjecting to degradation, exhibited the IR and 1 H NMR spectra in concurrence with its structure. The IR showed a broad peak at ν3499 cm -1 indicating merger of absorption peaks due to the vibrations of νOH and νNH 2 . The broad peak may be due to the hydrogen bonding between oxygen of -OH and hydrogen of -NH 2 . The next significant peak in the IR was at ν1598 cm -1 , indicating the absence of -C=O function in the molecule (Fig. 7) . singlet is seen at 10.6 δ accounting for two protons of primary aromatic amine -NH 2 . These spectral evidences support the structure assigned to H-acid (Fig. 8) .
The IR spectrum obtained for the degradation product showed a very weak peak at ν3309 cm -1 indicating that percentage presence of molecule present in the mixture containing -NH 2 /-OH is very less. A very strong absorption peak was seen at ν1731 cm -1 accounting for the presence of a molecule in the product containing -C=O functionality (Fig. 9 ).
These observations indicate that the H-acid has undergone oxidative degradation to produce various non-aromatic molecules.
The above observation is further supported by the 1 H NMR spectrum of the product taken in DMSO-d 6 . None of the protons of the product resonated in the aromatic region of the spectra supporting the idea of disintegration of the molecule to produce number of aliphatic species (Fig. 10) . This is further supported by the evidences that a good number of peaks due to the methyl proton are seen in the spectrum. 
